Introduction
The vibrational frequencies of GaCl 3 seem now to be well established [1] after a great deal of efforts (see below). Consequently we find this molecule to be suited for testing the applicability of a new type of internal coordinates, referred to as Keating's bending [2] . This coordinate is implied in a potential proposed by Keating [3] in the theory of lattice dynamics. In the context of molecular vibrations of isolated species Keating's bendings have been successfully applied to different planar symmetrical XY 3 molecules [4] [5] [6] [7] [8] , to which also GaCl 3 belongs (symmetry D 3h ).
Previous Work
In an infrared study of dimeric gallium trichloride Beattie et al. [9] attributed two bands to the monomeric species with a question mark (see Table 1 ). Some years later certain fundamentals belonging undoubtedly to the monomeric form were observed in both Raman [10] and infrared [11] spectra of superheated vapours. Avasthi and Mehta [12] [17] . Very recently new high-temperature infrared spectra were reported [1, 18] .
Several ones of the works cited above contain force constant calculations [1, 12-14, 16, 17] , Additional works on force constants exist [19] [20] [21] . Some of these works contain calculated mean amplitudes of vibration; cf. Table 2 . Very little information is available on the Coriolis coupling in GaCl 3 . One of the cited works [21] gives the calculated value of C3 = 0.4320. A similar value (C3 = 0.4314) was obtained from an empirical relation [22] ,
Valence, Keating and Central Coordinates
Keating coordinates emerge when the ordinary (Decius') bendings [23, 24] are substituted by the corresponding Keating's bendings [2, 3] . Their application to the planar symmetrical XY 3 model has been treated in detail elsewhere [4, 8] . Let (F 33 , 7" 3 4, F44) designate the force constants of the degenerate (£') block in terms of the (ordinary) symmetry valence coordinates [25] . They are converted into the force constants in terms of the symmetry Keating coordinates by In a similar way one obtains the central coordinates [25, 26] on substituting Decius' bendings by the nonbond interatomic displacements. The corresponding symmetry force constants of the E' block of planar symmetrical XY 3 are given by
The well-known valence force field (VFF) and central force field (CFF) approximations [24, 27] are characterized by F 34 = 0 and F 34 = 0, respectively. In an analogous way the Keating force field (KFF) is defined by F 3 k 4 = 0 [4, 8] ,
Application to Gallium Trichloride

Introduction
The Keating (as well as central) coordinates have previously been applied to BF 3 [4] ^ the other boron trihalides [5] , A1C1 3 [7] and S0 3 [7, 8] .
Here the theory is applied to GaCl 3 . All the force constant sets of the present work are "compatible", i.e. exactly consistent with the experimental frequencies for 69 Ga 35 Cl 3 . The adopted numerical wave numbers of the E' species are co 3 = 464 cm -1 and co 4 = 131 cm -1 [1] . In the cited work [1] a force field was produced by means of these frequencies along with seven isotopic frequency shifts [16] . We have slightly modified this force field in order to make it compatible, and transferred the force constants to our definition [25] , which implies scaled bendings. Table 3 shows the value of F 34 and the calculated Aco 3 frequency shifts for the symmetrically substituted molecules, along with the calculated Coriolis constant C 3 (for 69 Ga 35 Cl 3 ).
Approximate Force Fields
The same data (£3 and Aco 3 ) are given in Table 3 for calculations with the VFF, KFF and CFF approximations. It is found that the literature force field (ii) [1] happens to come very close to the CFF (i). Another useful approach to the studies of force fields is to express a given force field in terms of the different coordinates. In Table 4 the force field (ii) is given in terms of the symmetry valence-, Keatingand central coordinates. We find that F 34 (=0.010 A detailed inspection of Fable 3, where some of the observed isotopic shifts [13, 16] are included, demonstrates that these shifts are not very sensitive to the force constants. This is a common experience. It is seen (Table 3 ) that the whole range of F 34 from 0 to -0.148 mdyne/A is consistent with the observed frequency shifts roughly within ±0.5 cm -1 . Therefore. other types of additional information, like the Coriolis constant, need to be considered. Table 3 shows also that the Coriolis constant (C3) would fix the force field better than the frequency shifts. Unfortunately no experimental C value for GaCl 3 is available. But we have tried to estimate the value of (3 by means of the theory of mass influence on Coriolis constants [25, 28] . For two planar symmetrical XY 3 molecules the value of £3 has been determined with reasonable accuracy (say ± 0.005). We have adopted (a) C3 -0.789 [29] for "BF 3 and (b) (3 = 0.474 [30, 31] for 32 S 16 0 3 . Based on these data we have produced the curves of mass dependence of C 3 for planar symmetrical XY 3 molecules; cf. Table 3 . The former value is supported by the previously calculated [21] and estimated [22] values; see above. We have used our two values to determine the corresponding GaCl 3 force fields, which are designated (iii) and (iv) in the cases (a) and (b), respectively. It is interesting to note that these force fields are clustered around the Keating force field, KFF (iv); cf. Table 3 . In Table 4 the force constants are expressed in terms of the symmetry valence-. Keating-and central coordinates. In the case (iii) one finds If this force field was the true one it would indicate that VFF is a better approximation than CFF, and KFF still better. In case (v) one has F34 < F34 < F34 is not large.
Mass Influence on Coriolis Constants
It is hard to decide which one of the force fields (iii) and (v) is better. We are inclined to give preference to (iii) because GaCl 3 is chemically more related to BF 3 than to S0 3 .
Keating Force Field
The above computations and discussion seem to indicate that KFF (iv) is a good approximation for GaCl 3 . The E' species force constants in the three types of coordinates are included in Table 4 . The calculated Coriolis constant for 69 Ga 35 Cl 3 is C 3 = 0.449, i.e. in-between the values consistent with the force fields (iii) and (v). The curve of mass dependence of £ 3 from KFF of GaCl 3 is dotted in Figure  1 (c). It is seen to follow nicely the two full-drawn Fig. 1 gives the limiting values of C 3 when m\/mY 00.
Final Force Field
In conclusion the experimental evidence seems not to be sufficient to determine with confidence which one of the force fields is best. In view of the above discussion we have chosen (iii) as the final force field as an alternative to (ii). It reproduces the isotopic frequency shifts with sufficient accuracy and gives a reasonable value of C 3 ; cf. Table 3 .
The final force field was used to calculate the mean amplitudes of vibration [25] Table 5 .
Remark on the Coriolis Constant Variation
Coriolis constants have been used several times to fix the force constants in small molecules with degenerate two-dimensional blocks. Until recently this problem has been attacked either by a graphical ("display diagram") method [33, 34] or an iteration method employing Jacobi elements [35] . Cyvin [4] in his analysis of BF 3 applied an analytical method. For planar symmetrical XY 3 molecules, display diagrams have been drawn for BF 3 [36, 37] , S0 3 [38] 
